Test turnaround times are often monitored on a monthly basis. However, such an interval usually means that not all causes for delay in test reporting can be unequivocally identified for institutionof remedial action. We have devised a daily chart-the freckle plot-that graphically displays the test turnaround times by laboratory receipt time. Different symbols are used to designate specimens reported within the test's turnaround time limit, those within 10 mm beyond that limit, and those well outside the limit. These categories are adjustable to suit different limits of stringency. Freckle plots are produced on a daily basis and can be used to track down causes for test delays. Using the 1-h turnaround time "stat" potassium test as a model, we found 16 causes for test delay, of which 9 were potentially remediable. By applying these remedies, we were able to increase test compliance, inthe day shift,from 91.5% (95% confidence interval 88.8-93.7%) to 97.6% (95% confidence interval 96.4-98.55%), which is significant at P <10).
For 14 years we have used a priority test request form (5) , which defines the available turnaround times for all tests that are offered on an emergency basis ("stat") at this institution. For example, stat serum potassium estimations are available in 1-h or 3-h time windows. As would be expected, all such requests are for the 1-h test result. As part of the Department's quality-improvement program, we monitor these turnaround times on a monthly basis, using the laboratory information system (LIS) to provide sample receipt and sample result entry times. The problem that we encountered is shown in Figure 1 for the turnaround times of stat serum potassium analyses for the month of November 1991: 5-10% of all such specimens have turnaround times in excess of the 1-h limit. Despite vigorous efforts by supervisory staff, we have been unable to eradicate this sluggish response.
It was therefore evident that the tools we were using were incapable of providing the information necessary for establishing the cause of these excessive delays. Without knowledge of these causes, we could not formulate remedies. We believed that the root cause of our problem lay in the method by which we monitored our performance-the monthly report. If we could monitor the turnaround times on a daily basis, we might be able to discern both the cause and a possible remedy soon after the event had occurred. We now describe our daily turnaround chart-the freckle plot (because the plot looks like a freckled face)-which we developed to provide timely data on turnaround times and which has proven to be an effective quality-improvement tool.
Materials and Methods
Specimen reception and processing. In Lotus 1-2-3, all data for the specified date range are sorted by receivedtime preparatory to plotting. Often, specimens have the same received time or received times that are very close together. Therefore, for each specimen-received time (y), an x-value is calculated during the MUMPS data export operation to spread the data points, for common received times, along the x-axis, centered around an x-value of 50. When calculatingx-values for sequential received times, offsets are used to avoid overprinting.
Blood specimens
The Lotus 1-2-3 macro function that generates the turnaround time chart imports the data and uses the classification field for each specimen (see above) to determine the symbols used for turnaround times (a) within the prespecifled limit, (b) just outside the limit, or (c) beyond. Finally, the times of mainframe computer downtime (for system backup or maintenance) are obtained from the system's log and used to plot the "downtime" box on the chart.
Cause of delays.
The causes for turnaround times exceeding 60 mm were determined for all stat potassium requests during all shifts on weekdays, weekends, and holidays. The z-test for differences between proportions (percentages) was applied by using the Microstat-Il (version 2.5) Interactive Statistical Software (Ecosoft Inc., Indianapolis, IN). The 95% confidence intervals were calculated by using the Confidence Interval Analysis (8) software (British Medical Journal, London, UK).
Results
We followed up all causes for statpotassium requests that exceeded the 60-mm turnaround time limit, usually within 24 h of the event. Sixteen causes were found, of which nine were potentially remediable ( Table 1) .
The initial (baseline) observations were made during the period June [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] 1992 , for the day shift. The freckle plot (Figure 2A) Subsequent observations were made during the entire month of July 1992 for the day shift. The freckle plot ( Figure 3A) found that 22 of 925 specimens (2.38%; 95% confidence interval 1.5-3.58%) had a turnaround time exceeding the 1-h limit. This proportion is significantly different from the initial observations (P <10). The Pareto diagram (Figure 3B) shows five causes (Table 1) for test delay for these samples; >75% of these delays were due to two causes. (Again, results for similar studies for the other shifts are omitted.)
Discussion

Test turnaround
time is composed of at least seven elements: the delay from the physician's order of the test to the initiation of the institutional process; the collection of the specimen; the delivery of the specimen to the laboratory; the preanalytical processingof the specimen (e.g., centrifugation and entry into the computer/analyzer system); analysis and validation of the result; reporting of the result to the clinical unit; and, finally, reporting the result to the ordering physician. This simple classification is further complicated by the use of computers for order-entry and stat result broadcast.
The majority of turnaround studies have focused on the intralaboratory process (4, 7, 9, 10), although some have examined the entire process (11-13). It is often difficult to obtain reliable data on many of the elements outlined in the previous paragraph, whereas one can usually obtain sound data on intralaboratory timings. Table 1 We have taken the latter approach, because our LIS (or the priority test request form) provided times of sample accessioning and result entry and also automatically broadcast the stat result to the clinical unit. We have no control over the processes of ordering,venesection,or specimen delivery; it was therefore appropriate to study the processes over which we could institute remedial action where, and when, it was indicated by our study. Donabedian (14) defined a trilogy of approaches to quality assessment: structure (tools, resources, physical, and organizational settings), process (activities that go on within and between health-care practitioners and patients), and outcome (a change in a patient's current and future health status that can be attributed to antecedent health care). Clearly, studies of turnaround times may be included under either structure or process assessment. Although one might be able, on rare occasions, to ascertain the influence of a rapid report on a stat potassium request on outcome, this is not, usually, a very productive quality-assessment study. Juran (15) defined a quality management trilogy:
quality planning, quality control, and quality improve- establishes goals, determines the institution's needs, develops processes that meet these needs, and initiates process controls. Quality control evaluates performance and compares it with the predefined goal. Quality improvement involves creating the infrastructure to secure quality improvement, provides the resources and motivation to diagnose causes, stimulates remedies, and establishes controls to retain these gains. In the present instance we were able to observe the first two components of Juran's trilogy, but were unable to adequately diagnose causes or introduce effective remedies.
We had omitted some elements that Juran stressestimely feedback and involvement of all members of the department. However, the essential component in resolving our problem with turnaround times was the freckle plot. That gave us information current enough to prove that a certain number of recurring causes was responsible for our sluggish turnaround times. A study of the Pareto diagrams gives a valuable insight into the magor reasons for test delays. In our 2-week baseline study, accessioningoverload (Table 1) was the single major reason (65%) for delay during the weekday day shift (Figure 2) . This is not unexpected, because about one-third of the 600 daily specimens we receive are stat and this procedural route is often overloaded. The second most common cause-24%-was electrical power failure, which tends to occur only during the summer thunderstorm season. After remedial action, the reduction in the number of late stat reports ( Figure 3A ) was highly significant (P <10); however, the major cause (65%) remained the same (Figure 3B) , even though its occurrence was reduced.
For the evening shift, the initial major cause (58%) for delay was different: the use of the slower CX5 analyzer. This is understandable, because only two technologists are on duty in this shift and their handling of specimens is such as to maximize their effectiveness by placing both stat and routine specimens on the same analyzer. This shift had an apparent improvement in turnaround times (although this was not statistically significant) after remedial action; however, the major cause (now 71%) remained the same. Apparently, no improvement can be expected in turnaround times in this shift without the financially impracticable addition of a third technologist. On the other hand, 97% of all requests are reported within the 1-h time window.
In the night shift, the initial major cause (58%) was also due to the use of the slower analyzer; in addition, however, one-third of the delays were due to the LIS downtime for system backup. We now mark this downtime on the daily freckle plot because that provides an explanation for slow turnaround times during this period. The third cause of delay (<15%) is accessioning overload, although this is relatively infrequent, given the particularly heavy load of samples delivered from the intensive-care unit at 0400 h. After remedial actions were introduced by staff discussion and input, we found that we were unable to improve the situation in this shift. One of the major causes of result delays was the computer system backup, which coincided with the heavy load of intensive-care unit samples at the weekends. Valenstein and Emancipator (7) found that the most reproducible measures of turnaround time were the mean and median. However, they did comment that these parameters were disproportionately influenced by the proportion of acceptable turnaround times. They therefore suggested that the proportion of acceptable tests was the best measure of turnaround time, although sample sizes >500 were required to achieve acceptable accuracy. These conclusions appear to be borne out in our study. Neither the mean nor the median changed markedly in the day shift study, but the proportion of acceptable tests changed statistically significantly.
In terms of data analysis, it is much more convenient to obtain the latter measurement (which is obtained directly off the graph, such as that shown in Figure 1) than either mean or median values.
We believe that the freckle plot is a useful tool for improving test turnaround times, particularly because it can be applied, with various degrees of stringency, to such problems. Indeed, we have now used this technique in a wide variety of our test turnaround time audits to uncover and correct unrecognized inefficiencies in our laboratory operations.
Are such studies useful? Selker et al. (16) devised a tool-the Delay Tool-that detected, quantified,and assigned causes for medically unnecessary hospital delays by classifying delays by 9 main categories and 166 subcategories. They found, in a 6-month study of general internal medical and gastrointestinal services, that awaiting test results ranked sixth(of nine main causes) and accounted for about 10% of all delays. Such a study points to the need to establish the medico-economic importance of slow test turnaround times. Valenstein (17) , in a thoughtful editorial, sounds a note of caution about the results of turnaround studies until it is known how faster laboratory services influence patient management, costs, and outcome.
